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A search for a narrow Higgs boson resonance in the diphoton mass spectrum is presented based 
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set on the cross section times branching ratio of the resonant state as a function of Higgs boson mass. 
The limits are interpreted in the context of the standard model and one fermiophobic benchmark 
model where the data exclude fermiophobic Higgs bosons with masses below 114 GeV/c 2 at a 95% 
Bayesian credibility level. 

PACS numbers: 12.38.Qk, 13.85.Rm, 14.80.Bn, 14.80.Ec, 12.60.Fr 



In the standard model (SM) of particle physics, the 
electromagnetic and weak forces are unified into a sin- 
gle theory known as electroweak theory. However, the 
measured cross sections for electromagnetic and weak in- 
teractions differ by several orders of magnitude due to 
massive W and Z bosons that mediate the weak interac- 
tions. These bosons gain mass via electroweak symmetry 
breaking by way of the Higgs mechanism [1], and the elec- 
troweak theory predicts the existence of a boson, known 
as the Higgs boson, that provides a direct test of the 
theory. 

The SM prediction for the Higgs boson branching ra- 
tio into a photon pair B(H — > 77) is extremely small, 
reaching a maximal value of only about 0.2% for a Higgs 



boson mass m# = 120 GeV/c 2 [ ]. Even so, a search us- 
ing the diphoton final state is appealing due to its better 
mass resolution and reconstruction efficiency relative to 
dominant decay modes involving b quarks. The H — > 77 
channel provides its greatest sensitivity for Higgs boson 
masses between 110 and 140 GeV/c 2 , contributing in a 
region most useful to combined Tevatron Higgs boson 
searches [3] and overlapping with a region preferred by 
electroweak constraints [4]. In addition, in "fermiopho- 
bic" Higgs boson models, where the coupling of the Higgs 
boson to fermions is suppressed, the diphoton decay can 
be greatly enhanced [5]. 

The Collider Detector at Fermilab (CDF) and DO ex- 
periments at the Tevatron have searched for both a SM 
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Higgs boson and a fermiophobic Higgs boson hf decay- 
ing to two photons [ ]. The DO experiment recently 
set 95% confidence level (C.L.) upper limits on the cross 
section times branching ratio a x B(H — > 77) relative to 
the SM prediction and on B(hf — > 77) using data cor- 
responding to an integrated luminosity £ of 8.2 fb -1 [ ]. 
The hf result sets a lower limit on to/,, of 112.9 GeV/c 2 , a 
more stringent limit than that of 109.7 GeV/c 2 obtained 
from combined searches at the LEP electron-positron col- 
lider at CERN [ ]. Previously, the CDF experiment set 
95% C.L. upper limits on B(hf —> 77) with data corre- 
sponding to C — 3.0 fb -1 , resulting in an exclusion of 
m h} below 106 GeV/c 2 [10]. 

In this Letter, we present a search of the diphoton mass 
distribution from CDF data for a narrow resonance that 
could reveal the presence of a SM or fermiophobic Higgs 
boson. This analysis, which uses more than twice the in- 
tegrated luminosity of the previous CDF hf analysis [10], 
implements new techniques to improve the identification 
of photons and yields a new, improved lower limit on 
the fermiophobic Higgs boson mass. In addition, this is 
the first search for the SM Higgs boson at CDF using 
H 77 decays from Run II data. 

The SM Higgs production mechanisms considered in 
this study are gluon fusion (GF), associated production 
(VH) where a Higgs boson is produced in association 
with a W or Z boson, and vector boson fusion (VBF) 
with cross sections of 1072.3 fb [ ], 240.3 fb [ ], and 
72.7 fb [ ], respectively, for m H = 120 GeV/c 2 . A 
benchmark fermiophobic model is considered in which 
the Higgs boson does not couple to fermions, yet retains 
its SM couplings to bosons [ ]. In this model, the GF 
process is suppressed and the fermiophobic Higgs boson 
production is dominated by VH and VBF. Furthermore, 
Higgs boson decays to fermions are removed, resulting in 
increased branching ratios for decays into gauge bosons. 

We use the CDF II detector [14] to identify photon 
candidate events produced in pp collisions at y/s = 1.96 
TeV. The silicon vertex tracker [15] and the central outer 
tracker [10], contained within a 1.4 T axial magnetic field, 
measure the trajectories of charged particles and deter- 
mine their momenta. Particles that pass through the 
central outer tracker reach the electromagnetic (EM) and 
hadronic calorimeters [17-19], which are divided into two 
regions: central (|?7| < 1.1) [20] and forward or "plug" 
(1.1 < |r;| < 3.6). The EM calorimeters contain fine- 
grained shower maximum detectors [21], which measure 
the shower shape and centroid position in the two dimen- 
sions transverse to the direction of the shower develop- 
ment. 

Events with two photon candidates are selected, and 
the data are divided into four categories according to the 
position and type of the photons. In central-central (CC) 
events, both photon candidates are located within the 
fiducial region of the central EM calorimeter (|?7| < 1.05); 
in central-plug (CP) events, one photon candidate is lo- 



cated in this region and the other is in the fiducial region 
of the plug calorimeter (1.2 < |?7| < 2.8); in central- 
central events with a conversion (C'C), both photon can- 
didates are in the central region, but one photon converts 
and is reconstructed from its e + e~ decay products; and, 
in central-plug events with a conversion (CP), there is 
one central conversion candidate together with a plug 
photon candidate. 

The events are selected by a three-level trigger sys- 
tem that requires an isolated cluster of energy deposited 
in the EM calorimeter with a transverse energy Et > 
25 GeV [22]. The trigger efficiency for events accepted 
into the final sample is determined from simulation and 
found to be essentially 100% for the most sensitive event 
category (CC) and above 90% for all other categories. 

A set of selection criteria is used to remove background 
events and to identify high-energy photon candidates for 
this analysis. All reconstructed photon candidates are re- 
quired to have Et > 15 GeV. Plug photon candidates are 
identified using standard CDF requirements described 
elsewhere [23, 24]. A new neural network (NN) tech- 
nique is used to identify photons in the central region. 
Central photon candidates are first required to satisfy 
loose selection requirements, as described in Ref. [25]. 
After additional track requirements are applied to re- 
move electrons, the remaining candidates are required 
to have a NN output value above a threshold that is se- 
lected to maximize H — > 77 sensitivity. As more than 
half of the events in the data with two photon candidates 
contain either one or two jets misidentified as a prompt 
photon [26], the NN discriminant is trained using pho- 
ton and jet Monte Carlo (MC) samples and constructed 
from several detector variables that distinguish true pho- 
tons from these jet backgrounds [ ■]. These variables 
include the ratio of energy in the shower maximum detec- 
tor to that in the calorimeter cluster associated with the 
photon, the ratio of hadronic to EM transverse energy, 
calorimeter and track isolation [25], and a \ 2 value calcu- 
lated by comparing the measured transverse shower pro- 
file to that of a single EM shower [28] . This NN method 
increases the photon signal efficiency by ~5% and back- 
ground rejection by ~12% compared to the standard se- 
lection requirements for central photons [25], which im- 
proves H — > 77 sensitivity by about 9%. 

As photons pass through the CDF detector material, 
EM interactions with a nucleus cause about 15% of cen- 
tral photons to convert into an electron-positron pair. In 
order to recover these conversion photons, we search for 
a central electron with a nearby track corresponding to 
a particle of opposite charge. The proximity of the two 
tracks is first determined by requiring the transverse dis- 
tance between the two tracks to be less than 0.2 cm at 
the radial location where they are parallel. The differ- 
ence in cot between the two tracks must be less than 
0.04, where cot# = p z /px- Backgrounds are further re- 
moved by requiring the ratio of Et to pt of the recon- 
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structed conversion photon to be between 0.1c and 1.9c 
and calorimeter isolation to be less than 2.6 GeV, where 
cut boundaries are optimized to maximize H — ¥ 77 sen- 
sitivity. The direction of the conversion photon's mo- 
mentum is obtained by taking the vector sum of the in- 
dividual track momenta. Better H — > 77 mass resolu- 
tion is obtained, however, by setting the total momen- 
tum to be the conversion photon's energy obtained from 
EM calorimeters. Reconstruction of photon conversions 
in this analysis provides an improvement of about 13% 
in sensitivity to a Higgs boson signal [29]. 

The above selection criteria define an inclusive dipho- 
ton sample for the SM Higgs boson search. In order 
to improve sensitivity for the fermiophobic Higgs boson 
search, the event selection is extended by taking advan- 
tage of the final-state features present in the VH and 
VBF processes. Because the Higgs boson from these pro- 
cesses will be produced with a W or Z boson or with two 
jets, the transverse momentum of the diphoton system 
pP is generally higher relative to the diphoton back- 
grounds. A requirement of pip > 75 GeV/c forms a 
region of high hf sensitivity, retaining roughly 30% of 
the signal while removing 99.5% of the background [10]. 
Two lower pip regions are additionally included and pro- 
vide about 15% more hf sensitivity: pp < 35 GeV/c 
and 35 GeV/c < P p < 75 GeV/c. With four diphoton 
categories (CC, CP, C'C, and C'P) and three pp regions, 
twelve independent channels are included for the fermio- 
phobic Higgs boson search. 

The efficiency times detector acceptance for signal 
events given in Table I [30] is calculated using pythia [31] 
MC event samples, which are generated as described in 
Ref. [ ]. Corrections in the photon identification (ID) ef- 
ficiencies due to imperfections in the detector simulation 
are derived using electrons from Z boson decays by com- 
paring the ID efficiencies obtained from the detector sim- 
ulation to the ID efficiencies measured in the data [10]. 
For central conversions, a study of Z — > + trident 
events in data and MC is used to obtain a systematic 
uncertainty of 7% on the efficiency of conversion iden- 
tification, where a trident is defined as an electron that 
radiates a photon via bremsstrahlung which then con- 
verts to an electron-positron pair (e =F 7 — > e^e+e - ). 

The largest systematic uncertainties on the expected 
number of Higgs boson events arise from the conver- 
sion ID efficiency (7%), the integrated luminosity mea- 
surement (6%), varying the parton distribution functions 
used in pythia (up to 5%) [32, 33], varying the parame- 
ters that control the amount of initial- and final-state ra- 
diation from the parton shower model of PYTHIA (about 
4%) [34] , and the pythia modeling of the shape of the 
pip distribution for the hf signal (up to 4%). The latter 
uncertainty is only for VH and VBF used in the fermio- 
phobic search and was obtained by studying the effect 
on the acceptance from the differences in the shape of 
the pTp distribution from pythia and from leading-order 



TABLE I. Efficiency times detector acceptance (eA) for sig- 
nal events in each event category (CC, CP, C'C, and C'P) 
for ran = 120 GeV/c 2 , as a percentage of the total num- 
ber of H — > 77 decays for each production mechanism. For 
the hf search, resuits for VH and VBF are shown for the 
high I medium I iow pP regions as described in the text. 





H s 


m Search 


hf Search 


eA (%) 


GF 


VH 


VBF 


VH 


VBF 


CC 


10.0 


10.2 


11.0 


4.8|3.8|1.9 


4.2|4.6|2.6 


CP 


12.0 


10.9 


11.1 


4.2 4.7|2.5 


3.6 5.0 3.0 


C'C 


2.4 


2.3 


2.6 


1.0 0.9 0.4 


0.9 1.00.6 


C'P 


1.4 


1.2 


1.2 


0.4 0.5 0.3 


0.3 0.5 0.3 


Total 


25.8 


24.6 


25.9 


10.4j9.9|5.1 


9.0|11.1|6.5 




FIG. 1. The invariant mass distribution of the data for CC 
photon pairs is shown in (a) for the entire pP region used in 
the SM Higgs boson search and (b) for the highest pP region 
(the most sensitive region) used in the hf search. Each dis- 
tribution shows a fit to the data for the hypothesis of a run 
of 120 GeV/c 2 . The gap in the fit centered at 120 GeV/c 2 
represents the signal region for this mass point that was ex- 
cluded from the fit. The expected shape of the signal from 
simulation is shown in the inset of (a). 

and next-to- leading-order calculations [ ]. Finally, we 
include uncertainties from the photon ID efficiency (up 
to 4%), the trigger efficiency (less than 3%), and the EM 
energy scale (less than 1%). 

The decay of a Higgs boson into a photon pair would 
appear as a very narrow peak in the invariant mass dis- 
tribution of the two photons (see Fig. 1 as an example for 
the CC sample). The diphoton mass resolution, as de- 
termined from simulation and checked using Z — > e + e~ 
decays in data, is better than 3 GeV/c 2 for the Higgs bo- 
son mass regions and diphoton channels studied here and 
is limited by the energy resolution of the EM calorime- 
ters [ ]. The mass resolution is also sensitive to the 
selection of the correct primary vertex of the pp interac- 
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TABLE II. Expected and observed 95% C.L. upper limits on the production cross section times branching ratio relative to the 
SM prediction, the production cross section times branching ratio with theoretical cross section uncertainties removed, and the 
hf branching ratio. The fermiophobic benchmark model prediction for B(hf — > 77) is also shown for comparison. 







m H (GeV/c 2 ) 


100 


105 


110 


115 


120 


125 


130 


135 


140 


145 


150 


ax B(H 


-> 77)/SM 


Expected 


16.4 


14.8 


14.2 


13.8 


13.3 


13.6 


14.4 


15.8 


17.7 


20.8 


27.5 






Observed 


15.1 


13.9 


8.5 


14.6 


28.7 


19.2 


19.2 


14.8 


23.1 


21.9 


21.4 


ax B(H 


-> 77) (fb) 


Expected 


57.3 


50.8 


47.9 


43.2 


39.0 


36.0 


32.8 


30.6 


28.5 


26.7 


26.1 






Observed 


52.9 


47.8 


28.8 


44.8 


84.4 


50.4 


44.7 


29.4 


36.9 


28.0 


20.2 






Expected 


4.4 


4.9 


5.2 


5.8 


6.0 


6.4 


6.8 


7.4 


7.7 


8.1 


8.7 


B{h f -> 


77) (%) 


Observed 


4.8 


5.4 


2.8 


4.2 


7.3 


5.5 


6.6 


6.6 


5.7 


7.8 


8.1 






Fermiophobic Prediction 


18.2 


10.6 


6.2 


3.8 


2.8 


2.2 


1.9 


1.2 


0.6 


0.3 


0.2 




FIG. 2. (a) As a function of mjy, the 95% C.L. upper limit on cross section times branching ratio for the SM Higgs boson 
decay to two photons, relative to the SM prediction, (b) The 95% C.L. upper limit on the branching ratio for the fermiophobic 
Higgs boson decay to two photons, as a function of mn f ■ For reference, the 95% C.L. limits from LEP are also included. The 
shaded regions represent the la and 2a probability of fluctuations of the observed limit away from the expected limit based on 
the distribution of simulated experimental outcomes. 



tion, determined by selecting the vertex with the highest 
sum of associated track momenta. The locations of the 
vertex and EM energy cluster are used to derive the pho- 
ton's momentum. For GF (VH and VBF) signal samples, 
the primary vertex is misidentified in roughly 16% (4%) 
of nonconversion channel (CC and CP) events, which de- 
grades the resolution of the reconstructed Higgs boson 
mass [37]. This effect is studied using Z decays in the 
data and found to be well-modeled in the simulation. 

The total background prediction is estimated from a 
fit made to the data using a binned log- likelihood (log t) 
method [ ] . The fit is performed for each m# hypothesis 
in 5 GeV/c 2 steps from 100 to 150 GeV/c 2 . At each 
step, a 12 GeV/c 2 mass window centered on the point is 
excluded, where 12 GeV/c 2 is chosen to include 95% of 
the signal. Fits for a ijih hypothesis of 120 GeV/c 2 are 
shown in Fig. 1. The statistical uncertainties on the total 
background in the signal region, taken from the fit, are 
8% or less for the channels associated with the SM Higgs 



boson search and 12% or less for the channels associated 
with the fermiophobic Higgs boson search (except for the 
high-pj 7 bins with conversion photons, where it is 27%). 

No obvious evidence of a narrow peak or any other 
anomalous structure is visible in the diphoton mass spec- 
trum. We calculate a Bayesian C.L. limit for each 
Higgs boson mass hypothesis based on a combination of 
binned likelihoods for all channels using six bins in the 
12 GeV/c 2 signal region (2 GeV/c 2 bin width) of each 
mass distribution. We use a flat prior in a x B(H —} 77) 
and integrate over the priors for the systematic uncer- 
tainties. A 95% C.L. limit is determined such that 95% 
of the posterior density for a x B(H — > 77) falls below 
the limit [39]. The expected 95% C.L. limits are calcu- 
lated assuming no signal, based on expected backgrounds 
only, as the median of 2000 simulated experiments. The 
observed 95% C.L. on a x B(H —> 77) are calculated 
from the data. The limit results are displayed in Table II 
and graphically in Fig. 2. For a SM Higgs boson, the re- 
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suits are shown relative to the theory prediction, where 
theoretical cross section uncertainties of 14% on the GF 
process, 6% on the VH process, and 5% on the VBF pro- 
cess are included in the limit calculation [40, 41]. Limits 
are also provided on a x B(H — > 77) without including 
theoretical cross section uncertainties. The inclusion of 
systematic uncertainties in the SM (fermiophobic) limit 
calculation degrades the limit on a x B(H — > 77) by 
15% (9%), where the effect of the uncertainty on the 
background estimate is dominant at 10% (6%). 

For the SM limit at m H = 120 GeV/c 2 , we observe a 
deviation of greater than 2.5a from the expectation [42]. 
After accounting for the trials factor associated with per- 
forming the search at 11 mass points, the significance of 
this discrepancy decreases to less than 2a. When the 
analysis is optimized for the fermiophobic benchmark 
model, no excess is observed. For the h / model, SM cross 
sections and uncertainties are assumed (GF excluded) 
and used to convert limits on a x B(hf — > 77) into limits 
on B(hj — > 77). Table II gives the predicted B(hf — > 77) 
for this model as calculated using hdecay [ ] . We obtain 
a lower limit on rrih f of 114 GeV/c 2 by linear interpola- 
tion between the sampled values of rrih, based on the 
intersection of the observed limit and the model predic- 
tion. 

This Letter presents the results of a search for a nar- 
row resonance in the diphoton mass spectrum using data 
taken by the CDF II detector at the Tevatron. We have 
improved upon the previous CDF analysis by implement- 
ing a neural network discriminant to improve central pho- 
ton identification, recovering central photons that have 
converted to an e + e~ pair, and more than doubling the 
amount of data analyzed. There is no significant evi- 
dence of a resonance in the data. Limits are placed on 
the production cross section times branching ratio for 
Higgs boson decay into a photon pair and compared to 
the predictions of the standard model and a benchmark 
fermiophobic model. The latter result excludes fermio- 
phobic Higgs boson masses below 114 GeV/c 2 at the 95% 
C.L., which is the strongest limit to date on this model 
by a single experiment. 
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H 



(a) (b) (c) 



FIG. 1. The dominant production mechanisms at the Tevatron for the standard model (SM) Higgs boson: (a) gluon fusion 
(GF), (b) associated production (VH) where a Higgs boson is produced in association with a W or Z vector boson, and 
(c) vector boson fusion (VBF). For the fermiophobic Higgs boson hf considered in this analysis, SM couplings are assumed; 
however, the gluon fusion process is suppressed and is therefore not included. 



TABLE I. Production cross sections for the SM Higgs boson are given for the GF, VH (V = W or Z), and VBF production 
mechanisms shown in Fig. 1. For hf, the GF mechanism is excluded. The branching ratios for the decay to a photon pair are 
also shown for both the SM and fermiophobic Higgs boson. 



M H (GeV/c 2 ) <7gf (fb) gvra (fb) <r ZH (fb) ^vbf (fb) B(H -> 77) (%) 77) (%) 



100 


1821.8 


291.9 


169.8 


100.1 


0.15 


18.2 


105 


1584.7 


248.4 


145.9 


92.3 


0.17 


10.6 


110 


1385.0 


212.0 


125.7 


85.1 


0.19 


6.2 


115 


1215.9 


174.5 


103.9 


78.6 


0.20 


3.8 


120 


1072.3 


150.1 


90.2 


72.7 


0.22 


2.8 


125 


949.3 


129.5 


78.5 


67.1 


0.22 


2.2 


130 


842.9 


112.0 


68.5 


62.1 


0.22 


1.9 


135 


750.8 


97.2 


60.0 


57.5 


0.21 


1.2 


140 


670.6 


84.6 


52.7 


53.2 


0.19 


0.6 


145 


600.6 


73.7 


46.3 


49.4 


0.17 


0.3 


150 


539.1 


64.4 


40.8 


45.8 


0.14 


0.2 
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STANDARD MODEL HIGGS BOSON SEARCH 



TABLE II. The SM Higgs boson search is divided into four independent categories (CC, CP, C'C, and C'P) as defined in the 
primary text of this Letter. For each SM Higgs boson mass hypotheses tested in this analysis, the efficiency multiplied by signal 
acceptance (eA) is shown as a percentage of the total number of H — > 77 decays for each production mechanism (GF, VH, and 
VBF). These values, along with the cross sections and branching ratios provided in Table I, are used to obtain the predicted 
number of SM Higgs boson signal events. The CC and C'C (CP and C'P) channels use data corresponding to an integrated 
luminosity of 7.0 fb _1 (6.7 fb _1 ). The number of background and data events are also given for each mass. The final column 
in each subtable is the number of signal events divided by the square root of the number of background events (S/y/B). The 
event yields for each mass point are obtained from a 12 GeV/c 2 signal region centered on the Higgs boson mass hypothesis, 
allowing a 2 GeV/c 2 overlap between signal regions. 



(a) 



(b) 



CC Channel 




CDF Run II, 7.0 fb" 1 


CP Channel 




CDF Run II, 6.7 fb" 1 


m H 


eA (%) 


Hsm 








m H 


eA (%) 


Hsm 








(GeV/c 2 ) 


GF VH VBF Signal Background Data S/VB 


(GeV/c 2 ) GF VH VBF Signal Background Data 


S/y/B 


100 


9.8 10.1 11.0 


2.5 


621 


615 


0.10 


100 


11.5 10.3 10.3 


2.7 


4296 


4244 


0.04 


105 


9.9 10.0 11.0 


2.5 


526 


502 


0.11 


105 


11.7 10.4 10.6 


2.7 


3580 


3613 


0.04 


110 


9.9 10.2 11.0 


2.4 


414 


400 


0.12 


110 


11.9 10.6 10.8 


2.7 


2919 


2851 


0.05 


115 


9.9 10.2 11.0 


2.2 


346 


361 


0.12 


115 


11.9 10.8 10.9 


2.5 


2547 


2472 


0.05 


120 


10.0 10.2 11.0 


2.2 


271 


308 


0.13 


120 


12.0 10.9 11.1 


2.4 


2071 


2075 


0.05 


125 


10.0 10.2 10.9 


1.9 


237 


279 


0.12 


125 


12.0 10.8 11.1 


2.1 


1819 


1866 


0.05 


130 


10.1 10.2 11.1 


1.7 


197 


207 


0.12 


130 


11.9 10.8 11.1 


1.9 


1511 


1506 


0.05 


135 


10.0 10.1 10.9 


1.4 


177 


181 


0.11 


135 


11.9 10.9 11.1 


1.6 


1332 


1359 


0.04 


140 


10.2 10.3 11.1 


1.2 


144 


150 


0.10 


140 


11.7 10.8 11.0 


1.3 


1118 


1093 


0.04 


145 


10.2 10.1 10.9 


0.9 


128 


129 


0.08 


145 


11.8 10.8 11.0 


1.0 


992 


964 


0.03 


150 


10.2 10.2 11.0 


0.7 


112 


99 


0.07 


150 


11.6 10.7 10.9 


0.7 


825 


851 


0.03 



(c) (d) 

C'C Channel CDF Run II, 7.0 fb _1 C'P Channel CDF Run II, 6.7 fb" 



m H eA (%) H SM m H eA (%) Hsm 

(GeV/c 2 ) GF VH VBF Signal Background Data S/s 



ieV/c 2 ) GF VH VBF Signal Background Data S/y/l 


100 


2.3 


2.2 


2.5 


0.6 


159 


158 


0.05 


105 


2.3 


2.2 


2.5 


0.6 


126 


141 


0.05 


110 


2.3 


2.3 


2.6 


0.6 


107 


92 


0.05 


115 


2.3 


2.2 


2.5 


0.5 


87.8 


80 


0.05 


120 


2.4 


2.3 


2.6 


0.5 


66.5 


67 


0.06 


125 


2.4 


2.2 


2.5 


0.4 


58.8 


55 


0.06 


130 


2.4 


2.3 


2.6 


0.4 


47.4 


44 


0.06 


135 


2.4 


2.2 


2.5 


0.3 


40.7 


39 


0.05 


140 


2.4 


2.3 


2.5 


0.3 


31.8 


40 


0.05 


145 


2.3 


2.2 


2.4 


0.2 


29.1 


38 


0.04 


150 


2.4 


2.3 


2.6 


0.2 


27.1 


23 


0.03 



100 


1.3 


1.0 


1.1 


0.3 


671 


652 


0.01 


105 


1.3 


1.2 


1.2 


0.3 


466 


443 


0.01 


110 


1.3 


1.1 


1.2 


0.3 


328 


356 


0.02 


115 


1.3 


1.1 


1.2 


0.3 


280 


318 


0.02 


120 


1.4 


1.2 


1.2 


0.3 


225 


268 


0.02 


125 


1.4 


1.2 


1.2 


0.2 


204 


235 


0.02 


130 


1.4 


1.2 


1.3 


0.2 


175 


181 


0.02 


135 


1.4 


1.2 


1.3 


0.2 


160 


140 


0.01 


140 


1.4 


1.2 


1.3 


0.1 


138 


106 


0.01 


145 


1.4 


1.2 


1.3 


0.1 


120 


104 


0.01 


150 


1.4 


1.2 


1.3 


0.1 


101 


99 


0.01 
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FERMIOPHOBIC HIGGS BOSON SEARCH 



(A) p'Jf' > 75 GeV/c Region 



TABLE III. The fermiophobic Higgs boson search is divided into four independent categories (CC, CP, C'C, and C'P) as in 
the SM Higgs boson search, and it is additionally divided into three regions of pip . The p^7 > 75 GeV/c region is shown here, 
which provides the greatest sensitivity for a fermiophobic Higgs boson observation. For each hf mass hypotheses tested in this 
analysis, the efficiency multiplied by signal acceptance (eA) is shown as a percentage of the total number of H —¥ 77 decays 
for each production mechanism (VH and VBF). These values, along with the cross sections and branching ratios provided in 
Table I, are used to obtain the predicted number of SM Higgs boson signal events. The CC and C'C (CP and C'P) channels 
use data corresponding to an integrated luminosity of 7.0 fb _1 (6.7 fb _1 ). The number of background and data events are also 
given for each mass. The final column in each subtable is the number of signal events divided by the square root of the number 
of background events (S j\[B). The event yields for each mass point are obtained from a 12 GeV/c 2 signal region centered on 
the Higgs boson mass hypothesis, allowing a 2 GeV/c 2 overlap between signal regions. 

(a) (b) 



CC Channel, p£ > 75 GeV CDF Run II, 7.0 fb" 1 CP Channel, p^ 1 > 75 GeV CDF Run II, 6.7 flo" 



rn hj 


eA (%) 


hf 








m hf 


eA (%) 


hf 








!eV/c 2 ) 


VH VBF Signal Background Data S/\fB 


(GeV/c 2 ) 


VH VBF Signal Background Data S/VB 


100 


4.14 4.03 


29.5 


29.8 


32 


5.4 


100 


3.18 


2.97 


21.5 


69.3 


76 


2.6 


105 


4.32 4.10 


15.4 


29.7 


27 


2.8 


105 


3.36 


3.09 


11.4 


67.6 


73 


1.4 


110 


4.58 4.14 


8.2 


25.3 


23 


1.6 


110 


3.60 


3.32 


6.2 


66.0 


63 


0.8 


115 


4.71 4.18 


4.4 


22.6 


21 


0.9 


115 


3.96 


3.37 


3.5 


64.0 


58 


0.4 


120 


4.82 4.18 


2.9 


19.1 


21 


0.7 


120 


4.20 


3.58 


2.4 


60.6 


50 


0.3 


125 


4.99 4.18 


2.0 


16.6 


23 


0.5 


125 


4.40 


3.62 


1.7 


59.0 


35 


0.2 


130 


5.15 4.25 


1.6 


15.3 


16 


0.4 


130 


4.55 


3.72 


1.3 


52.4 


46 


0.2 


135 


5.22 4.24 


0.9 


14.6 


10 


0.2 


135 


4.78 


3.79 


0.8 


47.9 


51 


0.1 


140 


5.49 4.31 


0.4 


12.9 


7 


0.1 


140 


4.98 


3.80 


0.4 


43.3 


51 


0.05 


145 


5.47 4.27 


0.2 


11.5 


8 


0.05 


145 


5.15 


3.89 


0.2 


41.0 


42 


0.03 


150 


5.65 4.37 


0.1 


9.7 


7 


0.04 


150 


5.21 


3.89 


0.1 


38.1 


36 


0.02 



(c) 

C'C Channel, p£_ > 75 GeV CDF Run II, 7.0 fb' 1 





eA (%) 


hf 








leV/c 2 ) 


VH VBF 


Signal 


Background Data S/y/B 


100 


0.83 0.83 


5.9 


5.2 


8 


2.6 


105 


0.84 0.84 


3.0 


4.6 


7 


1.4 


110 


0.93 0.88 


1.7 


5.5 


3 


0.7 


115 


0.93 0.88 


0.9 


5.2 


1 


0.4 


120 


1.02 0.87 


0.6 


4.4 


2 


0.3 


125 


1.02 0.87 


0.4 


4.0 


2 


0.2 


130 


1.06 0.89 


0.3 


2.8 


4 


0.2 


135 


1.05 0.88 


0.2 


2.2 


5 


0.1 


140 


1.12 0.90 


0.1 


2.2 


3 


0.06 


145 


1.14 0.86 


0.04 


2.0 


2 


0.03 


150 


1.14 0.95 


0.02 


2.0 


1 


0.02 



(d) 

C'P Channel, p£ > 75 GeV CDF Run II, 6.7 fb' 1 





eA (%) 


hf 








leV/c 2 ) 


VH VBF 


Signal 


Backgrour 


.d Data S/y/B 


100 


0.27 0.28 


1.9 


8.0 


6 


0.7 


105 


0.31 0.30 


1.1 


7.6 


5 


0.4 


110 


0.35 0.31 


0.6 


6.0 


7 


0.2 


115 


0.35 0.31 


0.3 


5.9 


5 


0.1 


120 


0.40 0.33 


0.2 


6.0 


4 


0.09 


125 


0.41 0.33 


0.2 


5.6 


4 


0.07 


130 


0.42 0.36 


0.1 


5.6 


2 


0.05 


135 


0.46 0.38 


0.08 


5.0 


2 


0.03 


140 


0.47 0.39 


0.03 


4.3 


4 


0.02 


145 


0.48 0.38 


0.02 


3.5 


5 


0.01 


150 


0.51 0.40 


0.01 


2.7 


7 


0.01 
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(B) 35 < pl~> < 75 GeV/c Region 



TABLE IV. The lermiophobic Higgs boson search is divided into four independent categories (CC, CP, C'C, and C'P) as in 
the SM Higgs boson search, and it is additionally divided into three regions of pp . The 35 < pip < 75 GeV/c region is shown 
here. For each hf mass hypotheses tested in this analysis, the efficiency multiplied by signal acceptance (eA) is shown as a 
percentage of the total number of H — > 77 decays for each production mechanism (VH and VBF). These values, along with 
the cross sections and branching ratios provided in Table I, are used to obtain the predicted number of SM Higgs boson signal 
events. The CC and C'C (CP and C'P) channels use data corresponding to an integrated luminosity of 7.0 fb _1 (6.7 fb _1 ). 
The number of background and data events are also given for each mass. The final column in each subtable is the number of 
signal events divided by the square root of the number of background events (S/y/B). The event yields for each mass point are 
obtained from a 12 GeV/c 2 signal region centered on the Higgs boson mass hypothesis, allowing a 2 GeV/c 2 overlap between 
signal regions. 



(a) 

CC Channel, 35 < P p < 75 GeV/c CDF Run II, 7.0 ftr 1 

m hf eA (%) h f 
(GeV/c 2 ) VH VBF Signal Background Data S/y/B 



100 


4.00 


4.61 


29.4 


97.0 


101 


3.0 


105 


3.87 


4.55 


14.4 


83.2 


78 


1.6 


110 


3.87 


4.62 


7.4 


64.7 


69 


0.9 


115 


3.83 


4.63 


3.8 


57.7 


51 


0.5 


120 


3.78 


4.60 


2.4 


43.9 


47 


0.4 


125 


3.66 


4.57 


1.6 


37.4 


41 


0.3 


130 


3.67 


4.63 


1.3 


30.5 


31 


0.2 


135 


3.56 


4.58 


0.7 


27.6 


24 


0.1 


140 


3.52 


4.60 


0.3 


22.7 


18 


0.06 


145 


3.43 


4.51 


0.1 


18.3 


18 


0.03 


150 


3.41 


4.57 


0.08 


15.1 


18 


0.02 



(b) 



CP Channel, 35 < P p < 75 GeV/c CDF Run II, 6.7 ftr 1 



m hj 


eA (%) 


hf 








ieV/c 2 ) 


VH VBF Signal 


Background Data 


S/y/B 


100 


4.80 4.91 


33.0 


546 


554 


1.4 


105 


4.88 5.01 


16.9 


501 


485 


0.8 


110 


4.84 4.97 


8.5 


439 


413 


0.4 


115 


4.77 5.03 


4.4 


398 


362 


0.2 


120 


4.75 5.01 


2.8 


344 


316 


0.2 


125 


4.63 5.08 


1.9 


312 


275 


0.1 


130 


4.55 4.97 


1.4 


263 


260 


0.09 


135 


4.46 4.99 


0.8 


232 


253 


0.05 


140 


4.33 4.96 


0.3 


203 


193 


0.02 


145 


4.30 4.84 


0.2 


182 


180 


0.01 


150 


4.17 4.74 


0.1 


154 


158 


0.01 



(c) 

C'C Channel, 35 < P p < 75 GeV/c CDF Run II, 7.0 fb" 1 

mhf eA (%) hf 
(GeV/c 2 ) VH VBF Signal Background Data S/y/B 



100 


0.87 


1.00 


6.4 


21.3 


21 


1.4 


105 


0.86 


1.03 


3.2 


18.9 


19 


0.7 


110 


0.86 


1.05 


1.6 


16.2 


14 


0.4 


115 


0.85 


1.05 


0.8 


13.9 


13 


0.2 


120 


0.87 


1.04 


0.6 


10.2 


16 


0.2 


125 


0.82 


1.03 


0.4 


9.4 


12 


0.1 


130 


0.83 


1.09 


0.3 


8.8 


7 


0.1 


135 


0.79 


1.02 


0.2 


7.9 


4 


0.06 


140 


0.80 


1.04 


0.07 


6.4 


5 


0.03 


145 


0.74 


1.04 


0.03 


5.5 


5 


0.01 


150 


0.76 


1.04 


0.02 


4.0 


6 


0.01 



(d) 

C'P Channel, 35 < P p < 75 GeV/c CDF Run II, 6.7 fb' 1 

mhf eA (%) hf 
(GeV/c 2 ) VH VBF Signal Background Data S/y/B 



100 


0.46 


0.47 


3.16 


77.7 


73 


0.36 


105 


0.50 


0.53 


1.75 


65.0 


57 


0.22 


110 


0.48 


0.50 


0.85 


51.7 


50 


0.12 


115 


0.48 


0.53 


0.45 


42.7 


50 


0.07 


120 


0.48 


0.52 


0.29 


32.3 


50 


0.05 


125 


0.50 


0.51 


0.20 


32.9 


42 


0.04 


130 


0.49 


0.55 


0.16 


31.4 


25 


0.03 


135 


0.46 


0.52 


0.08 


28.5 


22 


0.02 


140 


0.45 


0.52 


0.04 


25.6 


13 


0.01 


145 


0.45 


0.54 


0.02 


20.6 


16 


0.004 


150 


0.46 


0.52 


0.01 


16.1 


20 


0.002 
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(C) < 35 GeV/c Region 



TABLE V. The fermiophobic Higgs boson search is divided into four independent categories (CC, CP, C'C, and C'P) as in 
the SM Higgs boson search, and it is additionally divided into three regions of pip . The pip < 35 GeV/c region is shown 
here. For each hf mass hypotheses tested in this analysis, the efficiency multiplied by signal acceptance (eA) is shown as a 
percentage of the total number of H — > 77 decays for each production mechanism (VH and VBF). These values, along with 
the cross sections and branching ratios provided in Table I, are used to obtain the predicted number of SM Higgs boson signal 
events. The CC and C'C (CP and C'P) channels use data corresponding to an integrated luminosity of 7.0 fb _1 (6.7 fb _1 ). 
The number of background and data events are also given for each mass. The final column in each subtable is the number of 
signal events divided by the square root of the number of background events (S/VB). The event yields for each mass point are 
obtained from a 12 GeV/c 2 signal region centered on the Higgs boson mass hypothesis, allowing a 2 GeV/c 2 overlap between 
signal regions. 

(a) (b) 

CC Channel, P p < 35 GeV/c CDF Run II, 7.0 fb' 1 CP Channel, P p < 35 GeV/c CDF Run II, 6.7 fb' 1 



m hf 


eA (%) 


hf 










eA (%) 


hf 








(GeV/c 2 ) 


VH 


VBF 


Signal 


Background Data S/y/B 


(GeV/c 2 ) 


VH 


VBF 


Signal 


Background Data S/^/B 


100 


2.30 


2.66 


16.9 


490 


482 


0.76 


100 


2.92 


3.08 


20.2 


3646 


3614 


0.33 


105 


2.15 


2.67 


8.1 


413 


397 


0.40 


105 


2.78 


3.12 


9.8 


3014 


3055 


0.18 


110 


2.09 


2.64 


4.0 


328 


308 


0.22 


110 


2.73 


3.07 


4.9 


2423 


2375 


0.10 


115 


2.01 


2.62 


2.0 


269 


289 


0.12 


115 


2.62 


3.07 


2.5 


2100 


2052 


0.05 


120 


1.92 


2.60 


1.3 


214 


240 


0.09 


120 


2.48 


3.02 


1.5 


1683 


1709 


0.04 


125 


1.84 


2.51 


0.8 


189 


215 


0.06 


125 


2.38 


2.98 


1.0 


1463 


1556 


0.03 


130 


1.77 


2.55 


0.6 


156 


160 


0.05 


130 


2.28 


2.94 


0.8 


1215 


1200 


0.02 


135 


1.73 


2.53 


0.4 


138 


147 


0.03 


135 


2.23 


2.88 


0.4 


1071 


1055 


0.01 


140 


1.64 


2.54 


0.2 


110 


125 


0.01 


140 


2.06 


2.82 


0.2 


886 


849 


0.006 


145 


1.58 


2.50 


0.07 


100 


103 


0.007 


145 


2.00 


2.80 


0.08 


782 


742 


0.003 


150 


1.52 


2.50 


0.04 


88 


74 


0.004 


150 


1.92 


2.76 


0.04 


643 


657 


0.002 



(c) 

C'C Channel, P p < 35 GeV/c CDF Run II, 7.0 ftr 1 



m hf 


eA (%) 


hf 








leV/c 2 ) 


VH 


VBF 


Signal 


Background Data S/VB 


100 


0.51 


0.62 


3.8 


130 


129 


0.33 


105 


0.51 


0.61 


1.9 


99.6 


115 


0.19 


110 


0.48 


0.61 


0.9 


82.5 


75 


0.10 


115 


0.43 


0.57 


0.4 


66.6 


66 


0.05 


120 


0.43 


0.61 


0.3 


52.4 


49 


0.04 


125 


0.42 


0.57 


0.2 


45.8 


41 


0.03 


130 


0.42 


0.62 


0.2 


36.9 


33 


0.03 


135 


0.38 


0.59 


0.08 


32.2 


30 


0.01 


140 


0.39 


0.58 


0.04 


24.6 


32 


0.007 


145 


0.37 


0.57 


0.02 


23.0 


31 


0.003 


150 


0.36 


0.58 


0.01 


22.4 


16 


0.002 



(d) 

C'P Channel, p£_ < 35 GeV/c CDF Run II, 6.7 fb~ 



mh f 


eA (%) 


hf 








(GeV/c 2 ) 


VH 


VBF 


Signal 


Background Data S/VB 


100 


0.29 


0.34 


2.0 


557 


573 


0.09 


105 


0.31 


0.35 


1.1 


395 


381 


0.06 


110 


0.28 


0.34 


0.5 


274 


299 


0.03 


115 


0.28 


0.33 


0.3 


234 


263 


0.02 


120 


0.27 


0.33 


0.2 


188 


213 


0.01 


125 


0.27 


0.33 


0.1 


167 


188 


0.009 


130 


0.26 


0.33 


0.09 


139 


153 


0.007 


135 


0.24 


0.32 


0.05 


127 


116 


0.004 


140 


0.23 


0.33 


0.02 


109 


89 


0.002 


145 


0.23 


0.33 


0.009 


95 


83 


0.001 


150 


0.22 


0.31 


0.005 


80 


72 


0.001 



